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Abstract

The cleaning behavior of ajuvenile sharpnose tigerfish, Rnyncopel ates oxyrhynchuswasfirst
observed in the fishing port of Hiroshima Bay in the Seto Inland Sea, Japan. In the port, only five
fishesincluding the black porgy Acanthopagrus schlegeli recognized the cleaner and posed. Among
these, four were inspected and picked by the cleaner. From both the cleaner and the host respects, the
cleaning behavior was divided into three parts: the start of cleaning, the formation of ashoal and the
termination of cleaning. From the host side, before the start, the host's soliciting behavior consisted of
four parts; detection, recognition, approach and the poseto the cleaner. From the cleaner’ sside, before
the start, the cleaner inspected a host on its body surface.

In particular, a series of black porgy soliciting behavior was investigated in detail. It
consisted of four consecutive parts. The host aggregated 0.5-0.8 m apart. The aggregated black porgies
were each 10-50 cmintotal length (TL). The cleanerswere 10cm+ 1 SD in TL. No signal behavior
from the cleaner for its host to start cleaning was observed. After the cleaner had picked against the
host several times, it moved serially to other individuals. Cleaners were not observed to clean hosts
smaller than themselves. Cleaning stations were formed in severa places located along cleaner
foraging migration routes. They were located 0.7 m + 0.5 SD in depth on sand-mud or artificial
concrete bottoms.

At least thirty-four cleaner fishes, including R. oxyrhynchus, were noted as living in Japan.

I ntroduction

Cleaning symbiosisisawell-known phenomenon among marinefishes (Losey et al., 1999).
The cleaners feed on ectoparasites and other material from the body surface of cooperating hosts.
During cleaning the host displays a stationary pose. It is assumed that cleaning behavior existsin
almost all aguatic environments (Helfman et al., 1997). There has been little study on the behavior
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of fishesin the seaaround Japan, except for the cleaning wrasse Labroides dimidiatuswhichisoften
used to control ectoparasites on fish exhibited in aguariums (Kuwamura, 1976; Chikasue,
unpublished data *; Ueharako, unpublished data ?).

In July 2000, in a fishing port in the Seto Inland Sea of Western Japan, we found that a
juvenile sharpnose tigerfish, Rhyncopel ates oxyrhynchus (Terapontidae) performed cleaning-like
behavior with large-sized, black porgies, Acanthopagrus schlegeli (Sparidae). Along with a brief
review of cleaning fishes in Japan, we report in detail the newly discovered cleaning relationship
between the above two fishes.

Materials and M ethods

During the daytime from
July to October 2000, we
observed the behavior of R
oxyrhynchus in afishing port in
Hiroshima Bay. The study site
was situated in the western part
of the Seto Inland Sea (Fig.1).
The port is approximately
40,000 m? with the deepest place
being 5 m, in the center. Except
in the center, most areas are
exposed to the air at ebb tide.

We observed thetigerfish
behavior with host fishes,
especialy the black porgy, one
of the most important fishery
and agquaculture speciesin Japan.
We estimated the total length
(TL) of the cleaners and hosts
using ruler calibration by 0.5 cm . 3
size classes for fish less than 15 < 133 E
cm TL or 1 cm size classes for
fish 15 cm TL and over. We
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Figure 1. Map shows HiroshimaBay in the Seto Inland Sea, Japan.

defined the approaching distance
of hosts to cleaners as the
distance between the point
where a host began to approach

The star mark indicates our study site in the fishing port near the
National Research Institute of Fisheriesand Environment of Inland
Sea (F.E.I.S).

a cleaner and the point where the cleaner was located. We recorded the water depth and benthic
phase on the cleaning station. The distance and the depth were estimated to the nearest 5 cm.

1 Chikasue, M. 1989. Theinfluence of ectoparasites on the cleaning symbiosis between awrasse, Labroides
dimidiatus (Labridag), and its host fishes. M.Sc. thesis, Ehime University, Ehime, JAPAN, 22 p.

2 Ueharako, A. 2000. Theinfluence of ectoparasites on host fishes' behavior. M.Sc. thesis, Ehime University,
Ehime, JAPAN, 26 p. (In Japanese).
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The classification and scientific names of fishes followed Nakabo (2000) except Halichoeres
bleekeri and Coris musume. Halichoeres bleekeri and C. musume followed Randall (1999a) and
Randall (1999b), respectively.

Results

Morethan 26 speciesranging from Clupeidaeto Tetraodontidae were recorded in thefishing
port (Shigeta, unpublished data). Only five of these recognized the tigerfish as a cleaner and posed
with aspecies-specific figure against the cleaner (Table 1). Thefive belonged to Mugiliformesand
Perciformes. All but A. latus were inspected and picked by the cleaner (Table 2). Three hosts, the
black porgy and two mullet species, were observed many times cleaning for long periods.

Table 1. List of fishes that displayed a pose for the cleaner R. oxyrhyncus in the fishing port.

Order Family Species

Mugiliformes Mugilidae Mugil cephalus cephalus

Chelon haematocheilus

Perciformes Sparidae Acanthopagrus schlegeli
Acanthopagrus latus*
Terapontidae Rhyncopel ates oxyrhynchus

1. Only oneindividua of this species was found and its pose was observed only once.

Table 2. List of fishes that received cleaning from R. oxyrhyncus in the fishing port.

Order Family Species
Mugiliformes Mugilidae Mugil cephalus cephalus
Chelon haematocheilus
Perciformes Sparidae Acanthopagr us schlegeli
Terapontidae Rhyncopel ates oxyr hynchus

Cleaning behavior wasdivided into three parts: the start of cleaning, the formation of ashoal

and thetermination of cleaning (Fig. 2). Beforethe beginning of cleaning, hosts solicited the cleaner.
This behavior generally consisted of four parts: detection of a cleaner, recognition, approach and
pose. Before the start of cleaning, the cleaner inspected the body surface of the posing host.
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Figure 2. General process of the cleaning
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Start of cleaning PP behaviors consisted of four movements. When a
, : ' host detected a cleaner, the host that wished
cleaning rapidly changed its direction toward

inspaction and picking  Pose
: PErN the potential cleaner. The host aggregated from

0.5-0.8 m apart (n=3). That is, the approaching
distance was 2.2-5.7 times the host's TL.. Next,
the host moved close to the cleaner and
prevented the cleaner from bottom feeding by closely intruding in front of the cleaner's head. The
host then showed itslateral side to the cleaner and assumed a slight head-down position, spreading
wide its bilateral pectoral, pelvic, anal, and occasionally dorsal fins, while hovering motionlessly
(Fig. 3). Blanchingin color or opening of the mouth or gill coverswas not observedinany host. Ina
shoal some hosts seemed to lose :
control and gradually revealed a |
curious vertical posture (Fig. 3). |
Asaresult of solicitation by
the black porgy, the tigerfish
stopped foraging on the bottom. |
After leaving the bottom, as a true
cleaner, it began to inspect the
surface of the host and to clean.
These bouts were the beginning of |*
cleaning behavior. Tota lengths of
the cleaners were 10 cm +1 SD |
(range 6-12, n = 20). No signal
behavior of the cleaner for itshost to

start cleaning was observed. The  riqre3 Cleaner R oxyrhynchus (A, 10cm TL) isinspecting
tigerfish inspected the host's body  the hody surface of ablack porgy, A. schiegeli, and picking off
surface carefully, andthenpickedon  ectoparasites. Each host, A. schiegeli, displays a stationary
several parts. Thecleaner especially  pose. Among them, the central largest porgy losesits balance
preferred near the top of the head, and showsavertical posture (B).

and the base and upper parts of the

caudal fin. However, cleaning into the host's mouth or its gill cover was not observed. After the
cleaner picked against the host several times, it moved to other individuals. No cleaner chose a
host smaller than itself (n=17).
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All porgiesaggregated prior
to cleaning, forming a shoal of
porgies (Fig. 4). Cleaning stations
formed in several places located
along consistent foraging migration
routes. These stations were located
0.7 m + 0.5 SD (range 0.3-2.0,
n=6) in depth on sand-mud or
concrete bottoms, in weak current

areas, such as points where boats :_j:-
were moored, spaces behind large [

pipes and in the step hollows of a
concrete seawall.

Discussion

It is assumed that cleaning
behavior existsinamost all aquatic
environments. Thirty-four cleaner
species, including R. oxyrhynchus,

Figure4. A shoal of cleaning black porgies(12-38cm TL) near
steps on the seawall. The two gray mullet Mugil cephalus
cephalus, 25cm TL (B), can never intrudeinto the center of the
shoal because of interspecies hierarchy. Only one cleaner, the
sameindividua as shown in Fig. 3, existsin the center (A).

are noted as living in Japan (Table 3). However, there have been no detailed Japanese reports on
their behavior, except for L. dimidiatus. Among these thirty-four species, R. oxyrhynchus,
Psedolabrusjaponicus, and H. bleekeri are common in the Seto Inland Sea, atypical temperate area

of Japan.
Table 3. List of cleaning fishes in Japan.
Order Family Species Sour ce
Siluriformes Plotosidae Plotosus lineatus Okata (1994)
Gasterosteiformes ~ Syngnathidae  Doryrhamphus excisus Myers (1989)
eXCisus
Doryrhamphus japonicus Y anagita (1990)
Perciformes Echeneidae Echeneis naucrates Cressey and Lachner (1970)
Phtheirichthys lineatus Cressey and Lachner (1970)
Remora remora Cressey and Lachner (1970)
Remora osteochir Cressey and Lachner (1970)
Remora brachyptera Strasburg (1959)
Remora pallida Strasburg (1959)
Chaetodontidae Heniochus monoceros* Shigeta (unpubl. data)

Heniochus acuminatus® Shigeta (unpubl. data)
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Table 3, Continued

Order Family Species Source
Heniochus diphreutes Randall (1985)
Chaetodon plebeius® Sadovy and Cornish (2000)

Pomacanthidae
Terapontidae
Labridae

Acanthuridae
Pleuronectiformes Pleuronectidae
Tetraodontiformes  Ostraciidae

Pomacanthus imperator
Rhyncopel ates oxyr hynchus
Pseudodax moluccanus
Bodianus axillaris
Bodianus diana
Labroides dimidiatus
Labroides bicolor
Labroides pectoralis
Labroides rubrolabiatus
Labrichthys unilineatus
Labropsis manabei
Labropsis xanthonota
Pseudol abrus japonicus®
Thalassoma cupido
Thalassoma amblycephalum
Thalassoma lunare
Halichoeres bleekeri®
Coris musume
Prionurus scalprum
Pleuronectes schrenki
Ostracion immacul atus'

Hirata et al. (1996)

Our present study.
Randall (1992)

Randall (1992)

Randall (1992)

Randall (1958)

Randall (1958)

Randall and Springer (1975)
Randall (1958)

Debelius (1993)

Masuda and Kobayashi (1994)
Randall (1981)

Chikasue (unpubl. data) *
Kuwamura (1976)
Debelius (1993)

Okata (1994)

Chikasue (unpubl. data) *
Hirata et al. (1996)
Kuwamura (1976)

Ho et al. (2001)

Shigeta (unpubl. data)

1: Observation of cleaning behavior in an aguarium.

2: Observation in captivity.

3: P. japanicusisdivided into two species, P. sieboldi and P. eoethinus, by Mabuchi and Nakabo (1997). Only P.

sieboldi inhabits the Seto Inland Sea. However, we do not differentiate these in this paper, areview would be

necessary .
4. Seetext'sfootnote 1 shown before.

5: H. tenuispinisisdivided into two species, H. tenuispinis and H. bleekeri, by Randall (1999 a). Only H. bleekeri

inhabits Japan. On the basis of the report, the fish, H. tenuispinis which Chikasue observed is H. bleekeri.

M ost cleaner species maintain conspi cuous color patternson their lateral sides, such as stripesonthe
body or fins. Juvenile R. oxyrhynchus have a yellowish, silvery body color with four clear black
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longitudinal stripes. More than twenty-six fish species living in the fishing port, except H.
poecilopterus, usually have sober color patterns. According to Hidaka (1998) the tigerfish dorsal
color pattern may serve asacamouflagefrom birds, whilethelateral pattern may advertiseitself asa
cleaner.

Only fivefishesliving inthe port were observed to posein cleaning behavior. Theresult may
show that there are fish that do not recognize R. oxyrhynchus asacleaner. For example, although the
numbers in the port of large Tribolodon hakonensis equal those of black porgy or mullet, thisfish
never takes an interest in cleaning.

After a host's recognition, the approach and pose are conducted. This behavior may be the
result of the host's desire to rid itself of ectoparasites. The soliciting behavior of black porgies for
cleaning indicatesthe high intention to clean. If atigerfish removed scales or apiece of thefinsfrom
the black porgy's body, the porgy would more than likely avoid it. Past studies on the proximate
causes of posing against Labroides spp. have suggested that the hosts are attracted to the cleaner
wrasse to obtain gentle tactile stimulation (Losey, 1971; Losey and Margules; 1974; Losey, 1979).
However, recent studies of cleaning wrasses have shown that parasitism on the host is positiveI%/
correlated to the frequency of the pose (Chikasue, unpublished data*; Ueharako, unpublished data®;
Grutter, 2001). In all cases, the eagerness of ahost for cleaning isessential for the series of cleaning
behavior.

The sharpnose tigerfish obviously performed cleaning behavior. Its diet includes not only
small benthic invertebrates such as copepods, ostracods and gammarids in the substrate, but also
caligid copepods that usually inhabit the body surface of fish (our unpublished data). The feeding
habits al so strongly support cleaning behavior. It is necessary to analyze the feeding habitsto seeif
the cleaner is picking off anything other than ectoparasites. In certain conditions, this opportunistic
predator may changeitsfeeding habitat from the bottom to the surface of the host body. The biomass
of both the benthic animals and the ectoparasites on the host needs to be investigated in detail to
clarify this switching mechanism.

European sealice are parasites on Atlantic salmon that cause serious problemsin aguaculture
(MacKinnon, 1997). European wrasses are used to help reduce ectoparasite infestations on salmon
kept in aguaculture pens (Sayer et al., 1996). Ectoparasites also cause substantial damage to
aquaculture in Japan. For the extermination of these ectoparasites, medicated or fresh-water bath
methods have been adopted. However, the former causes environmental pollution around
aquaculture pens, whereas the latter involves extensive handling. The utilization of the symbiotic
cleaning relationship detailed here may resol ve those problems, and may in the future help attain an
environmentally benign aquaculture system for Japan. Further research on this phenomenon would
clarify this possibility and its application in aguaculture.
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